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T'?':@İǂǐ=:58ǄR9¤ɋŽʿX〜Ě+İ̜XŸʆ
+<%UA<R.ɰ!<̃Ú:<STH2İǂǐ=Q58İ³-T
ˊ̈́ H4H4=<Sʈ=@ŧ52¤ɋŽʿXİǂ+8+HȉƄ 
T  
ƾ˃ɚ?ăʦRŕT:ƾ˃@ǄŠX̡¾-T̢˖ Į#TŽ­X
+88´ʮーưX-T:0?ŽʿR̢˖ʡ=͔UQ:-Tŀů
=T[18]しAƾ˃ ʏ͒ʈ=̙ʋ9ƱXȻ58+H52:-T-
T:ɰȟ 0?ɩŗX-TQSLĮ#̙ʋ=ɪ-Tį̀ȕXþ,§ſʏ
͒ŽʿD?ȷĵʡ<woXƞ$͊¶:<TįU T-<W
4ƾ˃ ʏ͒ŽʿXŇɢʡ=Ž2K=@¤ɋ ï̖)U2ȇ9?¤ɋ
Žʿǣ° Ǫ͊9TǨ58̙ʋʏ͒?¤ɋŽʿ=68〜Ě+0?
〜Ě=Č78ƾ˃ ¤ɋXï̖+66ɩþʡ=̙ʋʏ͒XõǣÔ˖<İ
³y ĠKRUT 
̢œĢ9@ƾ˃ ¤ɋ6ɩþʡ=̙ʋ9ȻTʏ͒=%TĊŖŽʿX
õǣÔ˖<oqzKKse(Kitchen Knife Safety Educator)Xʞ¦-T̢oq
z=QSȻU<̙ʋX͈8¤ɋXï̖+66ƾ˃ Ȓƛ=Ç,2¤
ɋ<ȻS ,̜Ȓƛ?ʅ!̜Ʋ̜Xǣ°-T':X̳Ʊ-KKse@Ȓƛ
XȻ52ȑðX\}xg-T̙ʋŁ{]q:Ȓƛ?ȻS̜ご?
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%̜Xsoh-TȒƛŁ{]q:Ȓƛ?¤〜ʮXŉɝ+“ ȱ+
#ȒƛXƲT': 9!8T;Xˢ〜-TH<ˤŁ{]q?
6?{]qXɏIƄW/T':9İ³XŽ 
̢Ż9@ɱ 2ȃ 9ąそœĢ:?ˬòXʗ+8̢œĢ?か4¨ʅXǂ
-ɱ 3ȃ 9@¤ɋ<̙ʋʏ͒XŽ2K=˴͊<6?͊ɎXȒƛ
?ȻS̜Ȓƛ?ʅ!̜Ȓƛ?Ʋ̜:〜Ě+KKseXʗ+8İǂ-T
E!]”=68ǮETɱ 4ȃ 9@KKseXŸȯ-TȒƛŁ{
]q̙ʋŁ{]qH<ˤŁ{]q?Ⱦŉǘ̝=68ļɩʡ=Ǯ
ETÓ8ʞ¦-Tí{]qXɏIƄW/8;?Q=õǣ ȝJ
:52oqzう͈?がUXǂ-ʞ¦-TKKse ?̻͈ȮXǂ-2K
=ɱ 5ȃ 9¹͈ǋŗ?ǘ̝:0?ōØXǮEɱ 6ȃ 9ǋŗ?żƠXŽ
̢ŻXH:KT 
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̢œĢ9@¤ɋ<̙ʋʏ͒Xõǣ-T2K?İ³oqz=68£
 ̢œĢ§ê=Lˀ͆?œĢ@ȩɧ#ŽWU8T̢œĢ9Lƣż=+
8S̢ȃ9@0UR?ˆʍ:̢œĢ:?ąそ=68ɀ̯-T 
2.1 Ðāc¢W.06A	
ʏ͒ƲÁXŽoqz@ȩɧ#ʞ¦)U8TȘR@ʏ͒?ȝŽȍ
ıXcÞɗRǖ°+Ȓƛ ʏ͒ǐR;?Q<ÓűɒƝXǚ%2
Xˑǆ-ToqzXʞ¦+8T[20](ȣ 8,ȣ 9)ku ʏ͒
?ȝŽȍıXˑǆǬあTQ=<T':9ʏ͒ǘǳN0?ɦ?ƲÁ=Ç͈
-T': 9!TShadowCooking[10]@“?ʏ͒?ȝŽȍı=Ç,8
exwc^uȇ=oXǘǳ(:=d]}-Toqz9T(ȣ 
10)ShadowCooking@o?p_go?I<R.{puq
i:そń-T':=Q58˴͊<ƛぐ?̊げ:śƚʲˏ+8Tƛ
ぐ?̊げX[u]9˸ǂ+ŉげqX̡$ű˼ )U8T'U
R?oqz@ʏ͒ǵȕǐXɪȆ=+8< Suzuki R@ǵȕǐ
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ů%?oʞǂoqz=68ŒʺXŽ58T[24][25](ȣ 11)ǵȕ
ǐ o?IR@͒â+7Rぐ͈͒Ŧ=68̙ʋ?ȒƛD?ȻS
ƉI̜Nʿ+̜<;Xļɩʡ=p_go-T':9ʏ͒ǵȕǐ?
ʏ͒XƲÁ-T̢œĢ9@SuzukiR?œĢ:ˀ͆=ɪȆǐXʏ͒ǵȕǐ
:+8T´̜9SuzukiR?oqz9@ǋ̙ʋX¤ɋ=う͈9!T3
%?qeX̻+8T':XɈʞ=ǋ̙ʋX͈2ʏ͒?ƲÁ=͈R
UToqz9T ̢œĢ@ǋ̙ʋ?¤ɋう͈?İǂX̳ʡ:+8
T2Kǋ̉ɩXȻT':?9!<̙ʋX͈TH2 SuzukiR?oq
z9@ƹðʡʎðʡ<ƲÁ?IR<T'U=ɪ+8 SuzukiR@ʏ
͒ǵȕǐů%?oqz?Ûɲ:+8ǵȕǐ ¤ɋ=ʏ͒XŽȇ9ƹ
ðʡʎðʡ= ʧɶ-T':?9!<þðXİǂ-T': 9!<ʦ
XĤ&8T'?Ûɲ=ɪ+8̢œĢ9@ʏ͒XŽƙ=ƹðʡʎð
ʡ=ʧT':?9!<þðしAȒƛXȻ58Tǀ?ˣごNȖʿ
:52ȑごðXİǂ-T':X̳Ʊ+8T 
)R=ʏ͒XŽ=258̢œĢ:ˀ͆=¤ɋ<ʏ͒=ʇ̳+8T
oqzLTCutting Edge Vision[21](ȣ 12)@ǋ̙ʋ?ˊ̄=ŪZ]
Xʗ+Ȑ?ˢ２X-T':9ȡɁ=Ʊ ȑU8T;Xˢ〜
ȡɁ=Ʊ ȑU8Tǀ=@̙ʋ?ȡ ʑ>ȇ T'-T':9̙
ʋ?ʏ͒ʈ=̙ʋ9ƱXȻTåÝX̡$': ǬあTCutting Edge 
Vision@¤ɋȮX̖52HHǋ̙ʋX͈2ʏ͒Xǋś-T': 9!T
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ʦ9ʏ͒ǵȕǐ?ʏ͒ͧǣXŽƙ=̻͈9T:ŜT++< 
Rõǣǐ Ȝ=6%T':?9!Tʏ͒?qe@İǂǐǄȜ?ʏ͒qe
Nİ̜?qe=Q58AR6! ǬTしA¤ɋ<ȻS̜Xİ
2ǀ=ÑX;?Q=İT@ʏ͒Ʊˁǐ?ʏ͒?ņŗ=©ɣ-T
ʏ͒Ʊˁǐ@;?Q<ごÓř9ȒƛXƲ;?Q<ȻS̜X-T:¤
ɋ<ʏ͒Žʿ=<TX̊ȶ+ƹðʡʎðʡ<Ʊˁ?I9ʡï=ʧɶ+<
%UA<R<̢œĢ9@¤ɋ<̙ʋʏ͒ǘ̝?İǂXʏ͒İǂǐ?
İǂqe=QR.Ž': 9!TʦH2ƹðʎðʡ<Ʊˁ=Ó8
ʏ͒ǐ %2ごX̊ȶ-T':9ȱ+ご?%ļƄ?İǂXŽ':
 9!T'?Q<ƹðʡʎðʡ=ʧɶ?ˋ+qe?ʧɶ=ą-T
œĢ68@ 2.29ǮET 
Ƭī Ƨĉļ=pxgzu]?HH(:͈?L4M T
[22](ȣ 13)'U@ȻU<̙ʋX͈8̙ʋ9ȒƛXȻTͧǣX9!
Tʦ9ƽ8T '?L4M9@“?ȻS̜H9@ˑǆ9!.¤
ɋ<ʏ͒XİT::'V=ƸR<#H9Ȼ，ɩŗNȒƛłȍ=
ざƽ+2̉ɩ?˘ƿXɩŗ-TL4M9T̢œĢ9@soh{
u=Č78]ugz\=¤ɋ<ʏ͒XŽ2K?qeXʧɶ-
T':X̳Ʊ- 
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	´ 9Ðā¡Ø uh¶ûÐāÍ°Ñº[11]	
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	´ 10Shadow	Cooking[10]	
 
	´ 11	Cooking	support	with	information	projection	over	ingredient[24]	
 2  15 
 
 
	´ 12	Cutting	Edge	Vision[21]	
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	´ 13	mÿ258[22]	
2.2 0'IÕË	
¤ɋʏ͒õǣƲÁ@、ʡ=Ŝ:qe?ʧɶ9TqeʧɶXŽ
ƙõǣǐ@ƹðʡ=õBǖT':?9!<ĘǭXˑǆ+Ȝ=6%T˴͊
 TȉƄ T'?Q<̳=ŕ<Q<ĘǭX¥̲ʂ:şC¥
̲ʂ?ʧɶ=acq+2œĢ@#6ɣƚ-TしA̔Ỉ?し
X&TSmithR@̔Ỉǵȕǐ=ȱ+̔ỈʿƝXʧɶ-T2K?ǘ
．:+8̔IȞ?ʿƝ=ƄW/8Í˙?ƁʙX４Ï)/ToqzXʞ¦+
2[12](ȣ 14)'?oqz@̔IȞ?Ɂ=ÓɟʮsmXȾʅ+İǂǐ
?ʿƝXǖ°Í˙?ƁʙX͈8ʧɶ-T':9õǣǐ=¥̲ʂ9
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Tȱ+̔I̠?ʿ+̜Xʔþʡ=ʧɶ-TɌ Tʏ͒=ą+8L
¥̲ʂ?ʧɶ=68Œʺ <)U8TɨʨR@[8] (ȣ 15ȣ 16)SY
(?˭J!ʿƝ=ą+8ǫͧǐ:ǵȕǐ?̙ʋ)A!XțƱ=ǖS˻%
2¢ごsm:ƹɄŉɝcǘŘXơº-T2K?ǼŁ]qc
˸̰ĸʩŉX͈8ˬò+2'UR?ʈ9ǵȕǐ:ǫͧǐ9Ə® ă
ɝ)U2{u9ƹʎðʡ=ʧɶ ˋ+ȋ̚:+8ǀĄ(:?țƱ?
¢ご?%̜=Ə® T': W52++ɨʨR?œĢ@̙ʋ
ʏ͒ǵȕǐ=@́ģ?ƁSY(?˭J!ʿƝ=ŝ〜+8ʏƐXŽ58
TH2ĘǭõǣƲÁoqz?ë˕ȾŉXŽ=:;H58T 
ɩȮþðXİǂ-T2K=@“?ʿƝNご?%̜=Ç,8]u
gz\=\}xgXŽ˴͊ T̢œĢ9@'UR?ąそœ
ĢXǚ%8̙ʋʏ͒XŽƙ?¢ご̊˾Xǖ°+“=\}x
gXŽİ³oqz=-T':9¥̲ʂXʧɶ-Tİ³oqzXèˠ
+2 
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	´ 14	Exploring	Gesture	Sonification	to	Support	Reflective	Craft	Practice[12]	
 
	´ 15	Comparison	of	Experts'	between	Non-experts'	Apple	Peeling	Skills	and	the	Designing	
of	Learning	Support	System[8]	
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	´ 16	Comparison	of	Experts'	between	Non-experts'	Apple	Peeling	Skills	and	the	Designing	
of	Learning	Support	System[8]	
2.3 2K.K)	
'UH9“?ʏ͒ʿƝXsoh-Tǘ̝:+8p[s
oh ɧ#͈RU8!2[10][20][24][25]++< R“?
o?IXǖ°-Tp[soh9@2.2ȃ9ǮE2¥̲ʂ9
TɩȮþð?İǂXŽ': ˋ+'U=ɪ+ɨʨR@ǫͧǐ:˱ǫ
ͧǐl?˭J!ʿƝX¢ごsmN»ɗR̊ȶ-T':9õǣƲÁo
qzŸʆ?2K?{Xʞ¦+2[8]ɨʨR?œĢRǫͧǐ:˱
ǫͧǐ9̙ʋX£ƙ?țƱ?¢ご：=Ə® T': ̯R:<S˱
ǫͧǐ?2K?õǣƲÁoqz?ŸʆXƋŤ?Ûɲ:+8T̢œĢ9
@ɨʨR?œĢXƣż=Ů9@ʧT':?ˋ+̙ʋX£ƙ?う!
 2  20 
 
ǘ:˱う!ǘ?ごÓřXǀĄ(:?¢ご̊˾:+8ǖ°+oqz?Ÿʆ
=Ȳ- 
2.3.1 »ó2K.K)	
ȻS̜?soh:+8˭J!?ǘ̝Xsoh-Toqz 
T 'U@ǋ̙ʋX͈8SY(?˭J!X-Tƙ=țƱ=¢ごsm
XǖS˻%ʏ͒ǐ țƱ=;?Q=ごX%8˭J!X+8TXŉ
ɝ+8T[8]̢oqz9@ɨʨR:ˀ͆=¢ごsmX͈8ʿƝX
ȡɁ?ʿ+̜Nご?%̜Xsoh+8T ¢ごsm?¨ʅ 
̙ʋ?ȡɁ?¨ʅ9T'?Q=-T':9ʏ͒ǐ Ȓƛ=ɪ+8̙
ʋXʗ+8;?Q<ごX%8Tļɩʡ=ǖ°-T': 9!T 
2.3.2 ¹ìÅNÓ·2K.K)	
¤ɋ<̙ʋʏ͒=68ěっ-T=258̙ʋƧ?ɦ=ȒƛX）
ʯ+<Q=Ⱦʅ)/Ʋǘ9ƲRU8TXˢ〜-T˴͊ 
T-<W4ê̄Rʿʡ=ごXÓRU8Tȵƴ̉ɩ 0?ȍɬ9¤
〜+8T;Xˢ〜-TĒŸ ˴͊9T̉ɩ?¤〜:@ê̄
Rご ４W58Lȵƴȍɬ ɰ!#４WR<':XŜ̉ɩ?¤〜Ȯ?
ŉɝXŽ2K=@͆
<Ēċ ɣƚ-Tȟ?ʔかƫȭ?¤〜ȮXŉɝ-
T=@Ǫȕʿͅŉ:ŉɝĒċX͈T[23]'U@Ḭ̂=Ⱦʅ)U
26?ȤʔÚǪsm?ÚǪ：RȤʔÚǪ?Ɲ͈ʈȕʦ(COP)XĠ
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K8T++'?oqz9@Ǫȕ¨ʅ@ǖ°9!TL??ʜ̰?̰ȷ
?ɰ!)Xǖ°-T': 9!<6HS̉ɩ ȵƴ+8T;?ʟ
ʮʿͅ+8TXŉɝ-T':@9!T 0?̉ɩ ;?ʟʮ¤〜+8
T?XɝT':@9!<'U=ɪ+8̗ŽŁx”?¤〜ȮX
ŉɝ+ŽʿŉÞXか8T2K?Ʊ˷= ZMP(Zero Moment Point)X͈8
T[26],[28]ZMP:@̉ɩ?Óɟʮ:Ȥʔŵご:?Ƅご:Ǿ̰:?ũʦX
Ŝ[27]ZMP ̉ɩ?ȼ？̰XōY3ĎÑłȍ?ˊ̄=ɣƚ-T;
9¤〜ʮXˢ〜+¤〜+8<ȉƄ=@x”?ǪȕNʻIǬ-ɞ
?̜ůXʏȿ-T':9¤〜+2̗ŽXǋś+8T'UR?oqz9
@2ɞ̗Žx”?Ǿ:ȼ？-Tɞえ̰=¢ごsmXȼ？+ɞえ̰
ȷXĐʂ:+8Ǿ̰:ȼȑ+2íʦ?¢ご̊˾R̉ɩ?¤〜ʮXĠK8
2̢œĢ9@͆
<łȍ?̉ɩ=ɪ+8¤〜ʮXĠKT2K¤〜
ʮXĠK2̉ɩ=smXȾʅ-T?9@<#Ǿ̰?¢ご̊˾Xǖ°
+ÚǪ?58T̄̊?̰ȷXȼ？ʜ̰ȷ:+8ZMPXĠKT'
:9ḛ̑=ʅ2̉ɩ?¤〜ʮXŉɝ-T'?Q=-T':9ḛ̑
=Ȉ/T̉ɩ=ąWR.¤〜ʮXŉɝ9!Tʦê̄RÓ2ごLĈK
8¤〜ʮXǖ°-T': Ô˖=<T'-T':9“ ͆
<Ȓ
ƛXƲ2ǀ=¤〜+8T;Xˢ〜ǬあT2K˥͈Ȯ Ɓ 
H2̢œĢ9@¢ご?̊˾XǖT2K=HanR?ʞ¦+2
FTIR(Frustrated Total Internal Reflection)wuxw{\q]Xƕ͈+2
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[29]FTIRuxw{\q]@[gˤˊ9ȹêŪXɋˣǍ)/2
ȍɬ9[gˤ=ȑUT:ľȽお?４Ï=QS[gˤê=Ū 
だUT':XÇ͈+[gˤʜ̰RȹêɄc9だUǬ+2ŪX
ǖ°+uxw̰Xˑǆ-Tuxw{\q]XŜ(ȣ 17)'UX͈
T':9Ūõʡ=̉ɩłȍ:¢ご̊˾XĠKT': 9!T¢ごsm:
ˬò+8âɗʮ ƁL?X¤Ò=ƝSǬ-': 9!Tʦ ̹U8
T 
 
	´ 17	Low-Cost	Multi-Touch	Sensing	through	Frustrated	Total	Internal	Reflection[29]	
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2.4 <"9;5(	
2.3ȃ9ˢ〜+2ōØXŘ=0?ȱŧXʔþʡ=ʧɶ-T2K?\
}xgǘ̝=68Œʺ-T SmithR[12]@“?˺Ôƹ<ɩȮþ
ðXʧT2K=Í˙?ƁʙX͈2'?œĢ9@˱ǫͧǐ=̔Ỉ
Xİǂ-T2K?y:+8̠̔?ÓɟʮXÍȳ?Ɓʙ=４ÿ-T':
9ǫͧǐ?̠̔ʿƝ?Í˙X̌!< R˱ǫͧǐ ʔþʡ=̠̔?ʿƝ
Xõǣ-T2K?{]q9T'?Q=ƹðʡ=@İǂ ˋ+ʿƝ
Xɦ?ċý9ʂðÔ˖< Feedback=４ÿ-T':9õǣǐD?õǣŬØ
ůȇ đɫ)UT̢œĢ9@2.3ȿ9ǮE2ʗSȑごðXsoh
-T ''9ʎð\}xg9@ごÓřX͒â+7R“=ȱ
+ごÓřX͒â)/T2K=@ねã<ǘ．X͈.=ǋȫç:ˀ͆=ȑ
ごðX\}xg-T': ĠKRUT 
0'9̢œĢ9@ȑごð\}xg=QSごþð?õǣXŽ
̙ʋŁ{]q?Q=ȡ̉łȍ?ȑごð\}xg=ą-TœĢ@Ď
6ŽWU8T[13],[19]0UR?ɧ# ǘǭoo=ąW
TL?9S~]XÉ=q]})/ȟɩXȻTq:̙ʋX͈8Ȓ
ƛ=ȻSƉY9O#ʏ͒ʿƝ:@ȡ̉?łȍN£̜ ƌ̢ʡ=®<T
(ȣ 18)ArisandiR[13]@˄ļ?う͈̜̝Xʔþʡ=ǂ-2K=HMD:
ȑごðX̿Ƅ+8 FeedbackXŽ58T(ȣ 19,ȣ 20)++˫R?o
qz9@Ȼ58T:ȍıXȖʿ9ʞǂ+8T2KˣごXȱï
=˸ś-T': ˋ+0'9̢œĢ9@̉ɩ=ȻSƉY9#ƙ?
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ȑごðNˣごXƒś9!T̙ʋŁ{]qXʞ¦-Tłȍ ǋ̙ʋ:ˀ
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XġłÀʸłÀȨł͉̉Ņ=̊ざ+2̊ざ?ōØX˸ 2=ǂ
-ƓLǙざ?ɧłȍ@͉̉łȍ9T ͉̉łȍ?Ȓƛ@̍2#
3.19ǮE2Q<Ȓƛ ğ=）ʯ+ƱXåÝ-TQ<åÝXɑ〜+7
RH2̙ʋ9ȻT?9@<#ǘ94"T:52ʏ͒ɒƝX-T
Ô˖ȮLżRUTġł:Àʸł ˀȩ9ǁ=Ǚざȩ ɧ''9
ÀȨł ÀʸłQSLˋ¬ʮ?Ɓ̄̊ǦƄ9T:żT:ÀʸłȍƂ
ɩ?Ʋ̜Xõǣ-T':9ÀȨłȇ=LÇ͈ Ô˖9T':R̢
œĢ9@ÀʸłȇƂɩXȒƛŁ{]q?êł:+8͈T  
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	´ 31LĄ2K- FSR400	
ç	 1LĄ2K-·Ý	
Ɲʿご 0.1N 
þ¢˨ª 0.120N 
̬ÚǪǀ 10M§ȇ 
Ɲʿãȩ(Ǜ̮) 1,000̦ã§ȇ 
̻Ŭsmこ² ʔŃ 5.08mm 
ŭ) 0.35mm 
 
ç	 2°x®íąç	
łȍ ġł Àʸł ÀȨł ͉̉ł 
Şȩ 10Ǚ 10Ǚ 9Ǚ 14Ǚ 
4.1.2 àÓ!I,H1A	
È+Ǭ+ȻS?ˢ〜[lr=68ǮETƪKȡXǎK=ˏUT
':R̙ʋ?ȡɁ:Ȓƛ@ȣ 32?¢ごsm 1,2,3,4?ǳ=ȼȑ-T
'UXう͈+8ǀĄ(:?íʦ?¢ご：Xǖ°+̊ȶ-T':9ȱ+
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̙ʋɒƝXŽ58TXĠKT¢ごsm@̙ʋ?ȡɁ=58T
ご:0?¨ʅX°T2K=͈TƼɈ?ǋŗ9¢+Î&ȻS:È+Ǭ+
ȻSXŽ52ȉƄ?ǀĄ(:?¢ご４Ï?hXȣ 33=ǂ-h
RWTQ=ÈǬȻSǀ:¢+Î&ȻSǀ9̙ʋ?ȡɁ:Ȓƛ:
?¢ご：?ǀĄ４Ï ®<Th?¢ごsm 1,2,3,4@ȣ?¢ごs
m 1,2,3,4:ɪÇ+8SÈ+Ǭ+ȻSX+2ǀ=@ƾ˃Rŕ8ƓL
Åɚ=˚ʅ)U8T¢ごsm:¢ごsm ǀĄņÜ=Ç,8
ǳǁ=ˣÇ-T´̜9¢+Î&ȻSX+2ƙ=@È+Ǭ+ȻS9@ˣ
Ç+<52¢ごsm ˣÇ+8T':H2¢ごsm=@
¢ご R.ɒƝèƪǀ¢ごsmRごXŒʂ+8T': W
T 
0'9¢ごsmXÈ+Ǭ+ȻSèƪ?”d:+0?Ť´〜ñʮ
mu ã）+2':XŒʂ-T:¢ごsm 2,3,4:¢ごXǖ°
-TQ=Ⱦŉ+2)R=ȅƗ<ˢ〜:+8¢ごsm 1RȻSƪK
82ȉƄǁ=¢ごsm 2=ȑU8TXˢ〜-T':9̙ʋXǎ
K=+2HH¯ƿ+8+H58<Xˢ〜+8TH2¢ごsm
=ȑU8R¢ごsm=ȑUTH9?ǀĄ 150000 sQSLʒ
;Xˢ〜-T':9ā¬ʡ=̙ʋXq]}+8T;Lˢ
〜-TQ=+2ȇĕ ɋ8ȱ+#ŽWU8TȉƄÈ+Ǭ+ȻS?ǀ
Ą(:?ȡ?ŀ!ļƄ?４Ï ȱ+#ŽWU8T:+2 
 4  47 
 
“?̙ʋɒƝ?ȱŧ@]gk”Ro[ʗȔ9
PC=ɖȔ-TPC9@ȱâ?ȔƃXǚ%ǖ52ǀ?IȒƛÞɗ ȻRU
2Þɗ=４Ï+“gx:Íȳ ƒȲ)UT'?Q=-T':
9ʿƝǢぎXku ˑǆ+2':Xõǣǐ=ʧT::L=ƹ
ðʡʎðʡ=̚ǥXʞī-TɌ T 
 
	´ 32°w7;#0	
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	´ 33°w7;#0LĄ2K-áX)G<	
4.2 ñÎw7;#0	
̙ʋŁ{]q(ȣ 34)@õǣǐ う!ǘX͈8İ³ƱȞ 1È+Ǭ+Ȼ
S?ȻS̜Xȱ+#Ž': 9!8T:ȒƛŁ{]q9ˢ〜)U2
ȉƄ=ȒƛXȻ52ȑごðX\}xg-T{]q9TȻ52
þð@ƌŘ?uX͈8̙ʋ?ȡ=ɓʵ-T̄̊=Ǭ8Tƶ?ʌごX
ʏȿ-T':9ʞǂ-Tļɩʡ=@L?XȻ58T:!=@ƶ Ă
I09<:!=@ƶ ʌ58T'-T':9Ȓƛ=ȻSƉY9
#þðX˸ś+8TH2ʏ͒ʈ?åÝ9S 4<ƼŢ:+8ƱɁ
:̙ʋ?ȡ ȼȑ+ƱXȻ58+H': T0'9KKse@̙ʋŁ
{]q:ƱɁ:?ȼȑXŒʂ-TĒ˖X̻-T  
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	´ 34ñÎw7;#0	
4.2.1 7;#0¸	
}^_[ŸȯȣXȣ 35=ǂ-̙ʋŁ{]q@ȡ?̄̊ Ľ˂=
<58Têて:ȡʪS̄̊?ƶƶXû!ǖSʌごX４Ï)/T
u0UXȬť-T2K?]gk”R<T 
Ƌã?oqz9@āɸ?2Kêて@ 3DuX͈8ABSǝƷ9
Ǭご+2ƋŤȑðXȱï=˸ś-T2K=@êてXêご 58L
４ł+=#ƛǊH2QS̙ʋ=ĹǪ)=Ⱦŉ-T': ĠKRU
Tƶ?2OIX͈8ȑðXʞǂ-TŸɘȇて?̆ Ȼ，ɪȆ̉QSL
ų':ș):+8 2cmʟʮ?2OIXǬ/T': ˴͊:<T´̜
9ƾ˃XɪȆ:+2̙ʋŁ{]q9T':R̙ʋ?ɋʒ@ɰȟ͈
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?̙ʋQSLǼ)F ŰH+:T'UR?qXżȣ 
36?Q=ȡʪS?ƶ̄̊X˴͊Ɠʙŝ?ʒ)9T 12cm:+2 
u=@ Tower ProǏ?]gm 9g  SG-92R[34]X͈2(ȣ 
37)mu?Ʀ͆?ȅƗX˸ 3=ǂ-˘ƿ?ƙ=Ǫ#<R<'
:ƶ?ʒ)=9!T3%ºĳXĞG)<':? 2ʦXżき-T2KƁǬ
ご9ǼŁŊげ<uXƕ͈+2ƼɈ=ƶXu=û!6%8
!muXƶ ĂJ̜ů=ã）)/T':9ƶ?ʌごXĂKT 
]gk”=@Arduino Uno[32]X͈ȒƛŁ{]q=
˻ɠ+8TArduino:mu͈?Arduino@ˀ´9S¢ごs
m：=Ç,8mu?ʿƝXŌ〜-T 
 
	´ 35ñÎw7;#0:9$%! 	¸
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	´ 36ñÎw7;#0-#1­ò	
 
	´ 37	SG92R	Micro	servo[34]	
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˸ 3mu?Ȯ˖ 
Ǫ) 9g 
m]r 2312.227 mm 
”g 2.5kg/cm(4.8v) 
f[u] POM with carbon fiber 
Operating speed 0.1sec/60(4.8v) 
Operating voltage 4.8v 
]?ʒ) 25cm 
4.2.2 ¶	
ごð?ʞǂ@ȣ?Q=Ž“ ̙ʋŁ{]q9ȻTɒƝX-T
:!̙ʋ?０X¡SƱXƲʦ=+8ȇRごX%Tȣ 38?Q
=“ ̙ʋŁ{]q=%2ごX F:!ƲʦR?Ħ͔XD
:#H2̙ʋ?ȡ=58TごX f:!ƲʦR?Ħ͔X d:
# 
! = #$%  ǅ 1 
̙ʋŁ{]q@ʿùǒ=ʅ!ÿ8ʿ!X{Ï-T': 9!T
(ȣ 39ȣ 40)ƶ?ʌごX T:ʅ#:ƶ?ȼ+8TƂɩ=@ 2T?ご
 T 
-<W4ǅ 3R“ %8TごXĠKT': 9!T 
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 # = 2' ǅ 2 
 
! = 2'$%  ǅ 3 
 
''92oqzˊ?ƶ?ʒ)Xʒ#-T':9ȡɁ=ʵ2T
?く、?¨ʅ Ƃɩ?ḛ̑QSLÎ Sご?ʘSƄʦ9ʚƴ-
T1,2X<KR=Ž':9“@ˣごXǚ%< RȡɁ Ȓƛ=
È+ˏSȻSƉY9#þðXęƽʡ=ɩþ-T': 9!T“ ̙
ʋŁ{]qXT´〜¨ʅH9ȻSƉY3Ť PCRȒƛ ȻU2
ÍȒƛ ȻU2»ɗXʞǂ-T':9“@QS[=ȒƛXȻ5
2:þðX°T 
̢{]q9@muX´〜?ɟʮ9ʿƝ)/8T2K̙ʋ
9ȒƛXȻT:!?ˣごXȱï=ƒś-T':@9!<++< R
ǋ̙ʋ9@ǋɕ?ˋ+ȒƛXȻSƪKT:!?̙ʋ?ȡɁD?ご?%
ļƄXā¬<ĒŸ9ʔȼǖ°-T:̢œĢ?̳ʡ=@ʢ58T)R
=̙ʋX£52': <ǵȕǐ“ ¤ɋ=̙ʋ9Ȓƛ=ȻSƉJ
ɩ?ʿ!Xɩþʡ=͒â-T': ǬあT:ʦ9̹U8T 
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	´ 38ñÎÃ
ĄCBK8	
 
	´ 39Øf Ą	
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	´ 40ñÎw7;#0ÏĄĄ	
 
4.2.3 ¿¼¯àÓ	
̙ʋŁ{]q:ȒƛŁ{]q ƾ˃?ƲǘX˜à:+8ʗʩ+2
;Xˑǆ-T':9̙ʋŁ{]q?ȡɁ:ƱɁ:?ȼȑXŒʂ-
Tƶ@ˁʩȮ?L?XƧ͈+“?Ʊ ̙ʋ?ȡɁ6HSƶ=ȑUT
:ȟX˜à:+8ãぞ ȲHUȡɁ?ȼȑŒʂ 9!TQ=Ⱦŉ-T
(ȣ 41)'U@ȡɁ Ʊ=ȼȑ+ƱXȻ58+H52':Xęƽʡ=ƒ
ś-T2K9T 
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	´ 41¿¼¯àÓ	
4.3 âw7;#0	
H<ˤŁ{]q@(ȣ 42)@“ ˱う!ǘX͈8İ³ƱȞ 2Ȓ
ƛ?¤〜<ʅ!̜Ʋ̜Xȱ+#Ž': 9!8T;Xˢ〜-
T2K?{]q9Tļɩʡ=@˱う!ǘ9ȒƛXƲ2ȍı?Ȓƛ
?¤〜ʮXȒƛ?ȼ？ʜ̰?¢ご̊˾:ȼ？̰łȍRŉɝ-T 
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	´ 42âw7;#0	
4.3.1 7;#0¸	
}^_[ŸȯȣXȣ 43=ǂ-H<ˤŁ{]q@FTIRw
uxw{\q]?ŸȯXƣż=Ɲȯ+8T[gȇ=o
ko”XȾʅ+[g?くɚ̰= LEDXȾʅ+8T
[g?Î=cXȾʅ+8T 
[g@[gox@*N?ʽ̯[g(ÈǬ
ˤ)[36]X͈2[g?ȅƗX˸ 4=ǂ-[g@
ŭIX 10mm§ȇ=-T':9ɚ̰R?Ū ˊ̄9ɋˣǍ-
Toko”@úǅáǏ`goko?]j
o”[35]X͈2oko”?ȅƗX˸ 5=ǂ-[g
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ȇ=oko”XȾʅ-T':9wuxw{\q]ȇ
=ƂɩXȾʅ+2ǀL̰ȼȑ:-T': 9!T2KȾʅʜ̰?̰ȷX
ȱï=ǖ°-T': 9!TLED@[e LEDcĆ?ūÂȐ 5630
z LED[37]X͈2z LED?ȅƗX˸ 6=ǂ-c@
POINT GREYǏ? FL2-03S2C[38]= computarǏ? T0812-FICS[39]rX
˻ɠ+8Ƨ͈-TȅƗX˸ 7=ǂ- 
 
	´ 43âw7;#0:9$%!¸ 	´
ç	 4!(HIâ«	
Ǚ２ ʽ̯[gÈ+Ǭ+ˤ 
ŭ) 10mm 
m]r 200400mm 
Ǫげ 0.96kg 
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ç	 5.H+K.8«	
Ǚ２ ]jo” 
ŭ) 5mm 
źʮ C30 
m]r 200400mm 
ç	 6	LED6=«	
z̆ 10mm 
LEDǙざ SAMSUNG 5630ƁÂȐ 
5mʦʴǀȁ˯ʩご 40Wʟʮ 
Ʀ͆ ˱̡ȦŁ 
ˠŪȐ ʊŪȐɓʵ(6500K) 
ɪÇʩŚ 12V 
LEDxw 16.6mm 
zʒ 400mm 
LEDȩ 24Ş 
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ç	 7&BG«	
âɗʮ 648488 
” 80FPS 
dgs 0.3 
Ɣʮ c 
sm̭ Sony ICX424 
smu] CCD 
j]˨ª db to 24db 
たŪ˨ª 0.02 ms to > 10 seconds 
ʩご͊ŏ 8 to 30V 
Ȫ̝ 292930mm 
Ǌげ 58g 
4.3.2 àÓ!I,H1A	
FTIR?ĒŸXう͈+8̉ɩ?Ⱦʅ̰̰ȷ:¢ご̊˾Xǖ°-T
FTIR@[gˤˊ=ȹêɄXɋˣǍ)/̉ɩ [gˤ=ȑUT
:[gRŪ だUǬ-'?ŪXÎ̄=Ⱦʅ+2c9ǖ°-
Tuxw͈?ĒŸ9T'U=68Ɯ̢R@[g?ɮW
S=oklX͈T':9uxwȇ=ʅ2ź̉ɩ?ł
ȍŒǬXÔ˖=+2[16]'?oqz9@Ⱦʅ̰?¢ご̊˾:ėʮ ɪ
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Ç+8T0'9̢oqz9@Open CVX͈8ǖ°Þɗ?Ⱦ
ʅ̰?Þɗłȍ:gs(:?ėʮXǖ°-T'?ǀ?ėʮ ȼȑ¢X
ɮ˸-T：9T:Ð〜+8Îĕ?ǅ=QS ZMPXĠKT23+()*+, -)*+ <RB= (., -. X0U1U ZMP?Ƒ˷：ǾˣごXǚ%8
Tʦ?Ƒ˷：:-T 0+8#.X((., -.)9ǚ%8TǾˣご?ɰ!):-
T 
()*+-)*+ = (.#./.01 #./.01 , -.#./.01 #./.01  ǅ 4 
ZMP:Ⱦʅ̰łȍ?ĎÑǪȕ:XōY3ʔɄ Ⱦʅ̰?、?Ʉ:ũWT
ʦRĎÑǪȕD?Ħ͔XČǱ:+ĎÑǪȕR´〜÷Ƅ?Ħ͔XōY3ȣ
łX¤〜?に：:〜Ě-TZMP ¤〜?に：?ˊ̄=ɣƚ-TȉƄ0
?̉ɩ@¤〜ê̄=ɣƚ-TȉƄ0?̉ɩ@˺¤〜9T:〜Ě-T 
ʜ̰Rïˑ9!2Ȓƛ?ȼ？ʜ̰X blob:şCȒƛłȍ=Q58
blob@ȩŞ=̊U8Ǭś-TÔ˖Ȯ T2K-E8? blobXĈJƓ
Ǽ?ʒ̜łX〜K'?ʒ̜łXȒƛ?ȼ？ʜ̰ɋɩ:+8A:#A
?ĎÑǪȕX (234, -234 :-T¤〜?に：@Îĕ?ʦXɪñɄȇ?Ƒ˷
:-Tʒ̜ł:+8ĠKRUT ()*+, -)*+  ǅ 7?˨ª=ɣƚ-T;
XĠKT':9¤〜?に：?ê̄=Tˊ̄=TXĠKT':
 9!Tǅ 7 ȯSか6ǀ0?̉ɩ@¤〜X̖58T:-T 
(234 − (2344 , -234 − -2344  ǅ 5 
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 (234 + (2344 , -234 + -2344 	  6	
 (234 − (2344 , -234 − -2344 < ()*+, -)*+< (234 + (2344 , -234 + -2344 	 	 	 	 	 7	
4.4 .06AĀÿĂ	
oqz?がUXÎĕ=ǂ-È+Ǭ+ȻSİǂoqzXŸȯ-TȒ
ƛŁ{]q:̙ʋŁ{]q?ʿƝ?͆ƬXȣ 44=ǂ-H2ʿƝ?͆
ƬXȣ 45=ǂ- 
1. ȒƛŁ{]q?¤〜Xˢ〜-T 
2. Ȓƛ?˸ǂ 
PC?Þ̰ȇ=Ȓƛ?ÞɗX˸ǂ-T 
3. “?ȻTʿƝXsoh-T 
4. ȻS̜=Ç,8[}]qXǬご-T 
5. È+Ǭ+ȻS?ȉƄƹðȑðʎð\}xgXŽ 
ƹð\}xg@ PCȇ?Ȓƛ Ȼ，)UT 
ʎð\}xg@ PCR*#5:Íȳ ƒȲ)UT 
ȑð?\}xg@̙ʋŁ{]qRȻSƉY3ȑðXʞǂ
-T 
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6. ɵ!ȻS?ȉƄ\}xg ŽWU< 
Ȓƛ=ȻSƉJ': 9!<2Kʔþʡ=Ǆ̊?Žʿ ŧ58
T:ˢ，+ǄɊ=ʿƝNごÓřXƺŽƟŧ+8õǣ-T':
 ǬあT 
 
	´ 44Y¤».06AØþ	
 
	´ 45ÂÅĂ 	´
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
5.1 Y¤»c¢]	
KKseXʗ+8õǣǐ È+Ǭ+ȻSXǣ°9!2;XŒȄ-
T'?ǋŗ@Ƅŉ9 13̭?ˮŗǐ(ɋµǸȮ) ˔す@ 5Ɩ~12Ɩ?Ǽõ
ȲXɪȆ=+2śŽ?oqz9@ˢ〜?]” 1ǀĄ(:?ȡ?
ŀ!ļƄ?４ÏXˢ〜+êłʡ9@T È+Ǭ+ȻS?ʿƝXİǂ-T
': 9!T0'9õǣǐ KKse9?õǣXʗ+8ȱ+È+Ǭ+
ȻS?ȻS̜Xǣ°-T': ǬあT;È+Ǭ+ȻS?˖ご ;?
ʟʮůȇ+2XăƠ-T':9oqz?̻͈ȮXˢ〜-TǨあǋ
̙ʋ?う͈ ĥÔ)U8<ƾ˃@HH(:sx”<;ǋƙ?Ȓƛ:
@®<TL?X͈8Ȓƛ?Ȼ，Xɩþõǣ+82'?ǀ´˦ʡ=
@̖Ũǐ 6!5!S9@<#ƾ˃´ȟ9õǣXŽ̢ǋŗ9L0?
ȍıXƒś-T2K=õǣʈ=ƱǂXŽW<5223+śŽ?
KKseoqz@ˢ〜xspXÞ̰=Ǭご-T?I9T2Kǋŗǐ
 0?xspXƾ˃=ʧ2ǋŗ@HH(:sx”:KKseX
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う͈+8È+Ǭ+ȻSXõǣ+2?4L4M?̙ʋX͈8ȒƛX
ȻT͆ƬXăƠ-T 
5.1.1 gn	
̢ǋŗ@dqc^”ɂ͉ 36。=Ƕɠ+8TǸƬƾ˃XɪȆ=
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2ţãȻTͧǣXŽ58LR52 
KKse9?õǣ 
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s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pXȻ58LR{u
ĕͭüぎ:-T 
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5.1.2?ǋŗ9ˮŗǐ?̙ʋʿƝ=æɉ 52;Xˢ〜-Tǋ
ŗXŽ52§ſ'?ǋŗ?ƣÓǐXˢ〜µ:şCˢ〜µ@ 2223Ɩ?
õȲ 4̭(・Ȯ 3̭,ǸȮ̭)9Tˢ〜ǐ@İƮʿÞ:+8È+Ǭ+
 5 	 69 
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B0U1U̭.6?ˢ〜ǐ ˢ〜XŽ52˹Ò@．é?[i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5.1.4.1. å!K*8|]	
ˮŗǐ?õ˔̊˾Xȣ 50=ǂ-ǋŗƣÓǐ@ʙõ˔ƾ˃ 6̭Ɓõ
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5.1.4.2. c¢]ü÷àÓ|]	
5.1.39ǮE2õǣŬØ?̻̬Xˢ〜-Tǋŗ?ōØXÎĕ=ǂ-'?
ǋŗ9@õǣǐ KKse9?õǣXʗ+8ȱ+È+Ǭ+ȻS?ȻS̜
Xǣ°-T': ǬあT;È+Ǭ+ȻS?˖ご ;?ʟʮůȇ+2
Xˢ，-T̳ʡ TƼɈ?Ʊǂ9Ƅî?v]X 3:+8
˹Ò-TQ=Ʊǂ+8T2Kˢ〜)U2ōØ 3Xʐ8UA
È+Ǭ+ȻS?ʿƝXǣ°+2:〜KT 
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55)ɋ8?õǣXǢ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5.2.2 ¡ô	
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73):ŉƥōØXH:K2˸(˸ 8˸ 9˸ 10˸ 11)XÎĕ=ǂ-Ǭご
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?¨ʅ ()*+, -)*+ X˸+8TH2ȹȐ?ƨñł9˸ǂ+2¨ʅ ¤
〜?に：9TZMPʦ ¤〜?に：?ê̄=Ǭ8Tǀ˺¤〜9T
:ˢ〜+8Danger:gravity_cent_y is beased: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9˸ś+Ǝ¸=68@LeftRight9˸ś+8TǬごÞɗ=6
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()*+, -)*+  (23.07,320.78) (234, -234  (25.00,253.00) 
Þɗ̆ 51px 
ÞɗƁ) 506px 
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